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PREFACE 

Dear colleagues, 

Welcome to the 6th Inlernational Conference on Sirnulation and Modelling in Food and 
Bio Industries (FOODSIM'2010), which is held in Bragança, Portugal from 24 to 26 
June 2010. 

The FOODSIM'2010 brings together researchers, food experts and industrial users to 
present the state-of-art sirnu lation research in the food industry, new research results 
and lo exchange ideas and experiences about the modeling and simulation tools used 
in the food industry. 

The main theme of FOODSIM'201 O is: "Sirnulation applied to food processes, quality, 
safety, and suslainability", and the success of the conference is already assured, as 
can be witnessed by the quality and scientific rigor of the 47 published papers. We 
also take Ihis opportunity to challenge the researchers altending lhe FOODSIM'20 10 
to produce a seed for a FP7 project to be submilted at the nexl call for pro posais, 
which is expected to open nexl July. 

We present our recognition for the inestimable collaboration that we had in the 
FOODSIM'2010 organisation by Prof. Joana Amaral and Prof. Elsa Ramalhosa , and io 
ali the reviewers for their professional work in the papers evaluation. We also presenl 
our recognition to ali Institutions Ihat contributed to prepare a pleasant social 
programme for FOODSIM'2010. 

Finally, we wish you ali a pleasant staying in Bragança and we are sure thal you will 
have the opportunity to be delighted by the Portuguese hospitality. 

Prof. Vasco Cada vez, Moutain Research Centre (CIMO), ESA - Instituto 
Politécnico de Bragança , Bragança, Portugal 

Prof. Daniel Thiel , Universite de Paris 13, UFR Sciences Economiques 
et Gestion, Paris, France 
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PHYSICAL CHARACTERiSTlCS AND DRYI NG KlNETiCS OF 
PORTUCUES E 'Longal' CHESTNUT 

Elsa Ramalhosa 
Hugo Lamas 

Jose Albe rto Pereira 

C IM O, Escola Superior Agrária, Instituto 
Politécnico de Bragança, 

Campus de Santa Apolónia, Apartado 1172, 
5301-855 Bragança, Portugal 

E-mail : e lsa@ipb.pt; aI9759@alunos.ipb.pt; 
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KEYWORDS 
Chestnut, Physical charactcristics, Drying kinetics, Fick's 
second law, Apparent diffusivity. 

ABSTRACT 

Chestl1ut is a fruit of great impOItance in Portugal, being 
generally sold fresh or frozcn. Alternative products may be 
obtained by hot air drying. 
The presem work is 00 lhe dehydrati on behavior af 
Portuguese <Longal' chestnul, lhat is the 1110s1 used in 
industry, Diffcrent models for representing the variations af 
\Valer content anel drying rate along time were tested 
successfully. As expectecl, higher temperalures corrcspond 
to faster drying processes. lhe apparcnt diffusivity was 
predicted by Fick ' s second law equalion, and ii ranged from 
1.25x I O-II n,';s, at 20"C, to 8.42x I O-III m' /s, at 100'C. 

INTROO UCT ION 

Chestnut (Casfal1ea sativa) has always becn used in human 

feeding. Nowadays, chcstlluts have high eCOnOl11lC 

importance in Portugal because this country is a11 important 

exporter of th is fmit , contribllting significant ly to lhe 

cqui librium of Ponugucsc commercia l balance. CheSllll1t 

production is more significant in the North of Portugal, 

namely in Trás-os-Montes and Beiras regions, reaching the 

highest commercial values and representing 86% of the 

national product ion (INE 2008). ln 2007, for example, 7 

774 ton ofchestnut wcre exported, originating € 14 844 000. 

Portuguese variet ies of chestnut are of excel!ent quality. 

Three Protected Origin Dcnominations have been 

identified, namcly ChestnuI of lcrm Fria, Chestllut of 

Soutos da Lapa and C hestnu t of Padre ia. Bcing a seasonal 

product, lhe chestnut needs to be prescrved in order to be 

sold as a fresh produce, 01' to be further processed. 

Traditionally, chestnuts are left in warehollses at room 
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temperature, being cons1I111ed along lhe year by lhc local 

families. This chestnut is known as '"castanha pilada"', being 

dehydrated anel extreme ly sweet. On the contrary, in 

industry chestnuts are stored under refrigeration until lhcir 

salc as fresh producc, or they are frozen after pee ling. 

ln industrial chestnut prescrvation, two main problems have 

been detected. These are related to weight losses (duc to 

dehydration of the Iresh ehestnut) and to the dcvelopment 

of microrganisllls, namely fungi produccrs af micotoxins, 

such as aflatoxins: which present an eminent dangcr for 

public health, as the latter are considcred can.:inogenic, 

hepatotoxic, and tcratogenic. Besides, there is a need of 

finding altcrnatives for chestnuts with low quali ty to the 

fina l cons u111ers, such as sll1all fruits, tha t are OftC Il 

discarded, and of developing innovative produets based on 

chestnut, allowing the diversification of products and the 

developrnent of others able to be incorporated imo a wide 

var iety of food stuff.'i, sllch as chestnllt fiour. T herefore, ii is 

Df great importance to find alternative prcservalio ll and 

processing technologies. 

laking imo account lhe popular knowledge, the 

dehydralion of chestl111t seems to be a promising 

technology, as chestnll ts cOllld bc storcd fo r longe r periods 

withollt the problem of [ungi development. Rccently, some 

illtcrcsting stlldies on drying of chestnut have been 

perfomled, involving Ncw Zealand (Cletus anel Carson 

2008), Italian (Attanasio ct aI. 2004), Turkish (Koyuncu et 

aI. 2004) and evell Portuguese (Guiné and Fernandes 2006) 

varieties. ln relation 10 this last work, three Portllguese 

varieties were analyzed, namely ' Longal', 'Martainha' and 

·Viana·. which were subjected to thl'ce drying temperaturcs; 

70, 80 and 90°C. The firs l lwo variet ies showed better 

drying features than the last. Nevcrtheless, the use of lower 

temperatures may also be promising. Moreover, variability 

of the characteristics af chestnuts harvestcd in different 
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years might have an impol1ant role on Iheir drying 

behaviour a nd be a factor thm musl be taken into account. 

ln fact ~ chestnut prodm:ers refer that the yea r 2009 was not 

a good year fo r chestnut production. due to the lack of 

waler during the maturat ion stage, orig inating sma!! fru its . 

Taking into account these aspects, the aims of thi s work 
\Ve re : i) lO determine some physical properties of ' Long:1l' 
chestnuts , which is one af lhe mosl used in industry (due to 
the eas iness of peeling and to the pu lp not bcing too 
sectioned). collcered in the year 2009: ii) to s tudy and finei 
e mpirical 1l10dels lhat \Vi II a llow lhe est imation of lhe 
drying rates Df these chestnuts when subjected to different 
drying tcmperatures (20, 40, 50, 65 , X5 and 100°C); iii ) to 
evaluate the eftect of drying 011 chestnuts dimcns ions; iv) to 
evaluate the aelequacy of the Fick 's second law to express 
lhe dry ing process; v) to estimale lhe apparem diffusivity of 
water in this Portuguese chcslnul variely. 

MATERIALS ANO METHOOS 

P0I1uguese <Longal' cheslnuts \Vere supplied by a local 
producer of Trús-os-Montes regian, North of POrlugaJ , 
being harvestcd in Nove mber 2009. When aniving 10 the 
laboratory, chestlluts were carefully observed and the ones 
lha! were rotten were discarded. 

Chestnuts were individu"lI y weighcd "mi their elli psoid 
axis dimensions ((I: length; h: width; c: thickncss) 
determined. To perfonn lhe drying exper iments, chestnuts 
\Vere placed in a convection oven (Binder, Germany) at 40, 
50 , 65, 85 aml 100°C. To perform the assay aI 20"C, 
chestnuIS were left ai room tempera ture. ln each 
experiment, chestnuts \Vere put insidc the oven in several 
Petri di shes. Each Petri dish cantained 5 c hestnu ts. One 
Petri dish was removed ai defined time moments, the fru its 
being ana lyzed aga in (weighl anel e llipsoid aX IS 

d imensions) \V ith and w ithout outer pceI, in order to 
evaluate the shrinkage. 

At the beginning of each experiment, the dry matter content 
o f the chestnuts used in lhe assay was dctermined by drying 
fi ve e hesl llll ts ai 105°C 1I1lli l lhe samplc weight reached a 
steady value. The dry-basis moisture conlcnt (W, kg af 
\Vater! kg of dry matter) was determined for eaeh chestnut. 
At each time moment , the ave rage , sta ndard deviation anel 
cocffic ient of variation we re detc rmined for lhe fi ve 
chestnuls removed. 

ln order 10 evaluate lhe sui'tability of approaching the 
chestnuts to sphercs in lhe diffusion eq uation, the diameter 
of chestn uts \Vas dc rcrmined a ftcr immersion of twenly 
ehestnuts in \Vater and measure ment o f the vo lume of \Vate r 
disp laced. These values \Ve re late r compared with lhe 
arilhmetic (Da) aml geometric (D.IJ average di amcters 
detennined by equat ions ( I ) and (2), respectively 
(M ohseni n 1970; Güner 2007; KJ!lçkan and Gliner 2(08 ): 
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a+b+ c 
Do = , -, 

( I ) 

Dg = Va X b X C (2) 

ChestnuI sphericily (CP) was a lso evalualcd by equation (3) 
(Mo hsenin 1970; Güner 2007; Klhçkan and Güncr 2(08): 

Vax b xc (/) = (3) 
b 

, considering h lhe biggest dimensiono 

ORYING CURVES COMPUTER FITTINC 

For a li lhe assays, lhe drying curves (W versus lime) 

fa ll owed a s imi lar partem, expressed by í.ln exponemial 

function ofthe forl11 : 

W = y+ A x eH n 
(4) 

whcrc y , A anel k were parameters of the mode!. 

ln o rde r lO determine the d rying rales ( a;~ ). the method 

of lhe approximatiol1 of the derivat ive to ti nite differences 
was used (Guiné and Fernandes 2006) : 

For t = I {) 

(a; )= (first -order forward finitc 

diffe rcnces) (5) 

For / = / , (i = I . ... , N-I ) 

(aw)= W'+I - W,-I 
aI ' i +I - ! i - 1 

(second-o rdc r centred finitc 

di fte rences) (6) 

For t =t,v 

(aw) = W,v - WN _1 

aI 'N - t N- I 

(first -order backwa rd fin ite 

diffe renees) (7) 

A lincar and a s igmoid func lioll (Eq . 8) \Ve re used to 

ex press lhe relat ionship e ncountered betwee n thc d rying 

rate an el lhe l110isture content. 



_(a:)=y+ (~l 
I +e ii 

(8) 

Ali the modcls presented, with exception of the linear, \Vere 

obtained after using the nan-linear regression af the SPSS 

software package. 

The quality af ali modc1s was evaluated by the conelation 

coefficicnt (r), reduced chi-squarc (Z2), mean bias error 

(MBE) and root mean square errar (RMSE) (Guiné and 

Fernandes 2006), determined by the following equations: 

l N , I( ), - - -- V . -V -X - N . exp.1 f1r",i.1 
- 11 1=1 

(9) 

MBE-_If(v-v) 
- ~ pred.1 cxp.i 

N i= 1 

(10) 

RMSE= (lI) 
l N 

_'\'(V . - V ), 
N f1 pred./ cxp.i 

where Ve'\JJ.I and VI"-L'd,i are the experimental and predicted 

values for the observation i; N is the numbcr af 

observations; and 11 the number af parameters in the model. 

The higher the vaI ue of"r" and the lower the values of/. 

MBE and RMSE, the better the model fitted the 

experimental results. 

RESULTS AND DISCUSSION 

Physical Properties of Portuguese 'Longal' Chcstnuts 

Table I shows some physical properties Df the 'Longal ' 

chestnuts used in al1 drying assays. The dimcnsions of 

ellipsoiJ axis ar chestnuts (a, b, c) varied within the ranges 
of 2.62-2.82, 3.10-3.29 anel 1.69-1.9 1 cm, respectively, 

corresponding to variatian coeffícients less 1ha11 7.9, 6.4 

anel 16.4%. The arithmetic anel geometric mean diameters 

of chestnuts varied between 2.47-2.66 anel 2.39-2.58 cm, 

respectively, corresponding to variation coefficients less 

than 6.3 anel 7.1%, respectively. The low values obtained 

for the variation coefficients~ \Vith the exception af 

dimension c, that was the most difficult to measure, are 

indicative of the existence of homogeneity among the 

chestnuts used in ali assays. 

ln terms of chestnut sphericity, this parameter varied within 

the range of 76.9 to 79.2%, indicating that chestnuts might 

be approximated to spheres. 
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When comparing the dia meter (D, results not shown) 

detennined by immersion in water (considering chestnuts as 

spheres) with D" or Dp" detennined by equations (12) and 

( 13), respectively, linear relationships were encountered 

between both parameters, namely: 

Da = 0.7707 X D + 0.7304 (1=0.922) ( 12) 

D, = 0.8139 X D + 0.5451 (1= 0.916) ( 13) 

These reslllts indicate that either Dg or Da may be llsed to 

estimate the diameter af 'Longal' chestnuts when it is 

intended to approach them as spheres. 

Drying curves of Portuguesc 'Longal' chestnuts 

The experimental points dctcrmined along the drying of 

'Longal' ehestnuts at 20, 40, 50, 65, 85 and 100°C are in 

Figure 1. ln each graph the prcdicted points obtained in the 

fits by lIsing Eq. 4 are also presented, as well JS the model 

cqllation and the correlation coefficient. 

Figure 1 shows that the fíts to lhe experimental data at 20, 

40, 50, 65, 85 and 100°C are good, with eorrelation 

coefficients ranging from 0.989 to 0.998. Thc 1..2, MBE and 

RMSE values were also low, varying between 3.05x 1 ()"I 

aml 9.87xIO·", _6.77xI0·4 and 1.69xI0·2 and 1.59x10·' anel 

2.79xI0·',respectively. 

Thc drying rate vallles determined by derivation of Eg. 4 

are in Figure 2, with correlation coeffícients ranging from 

0.863 to 0.969. The quality of lhe model is quite good 

taking into account the similarity with the experimental 

data, and the 'l, MBE and RMSE values, which were low, 

between 5.43xI0·H and 5.28x I 0 .. 1, -2.49xI0·' and 3.71xI0·3, 

2.21 x I 0-4 anel 2.07x 1 0.2
, respectively. 

By observing the dtying rate curves obtaineel, no constant 

rate period was observeel (Figure 2). Higher temperatures 

corresponded to taster drying processes, which is reflected 

on the incrcasing dehydration constants: 0.003 for 20°C, 

0.019 for 40c C, 0.029 for 50°C, 0.062 for 65°C, 0.142 for 

85°C. aJ1(1 0.189 for 100°C. 

ln terms of the relation between drying rate curves anel 

moisture contcnt, both linear and sigmoidal (Eg. 8) 

functions seem to represent well the experimental data 

(Table 2). The cOITelation coeffieients of both models 

varied between 0.902-0.956 and 0.927-0.967, respectively. 

The i, MBE anel RMSE valucs were low again, varying 

between 5.27xl O·H and 3.86x 1 0.4
, -2.57xHr' and 1.86x I 0.3

, 
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aml 2.1 7x I0·' and l.77x I O", for the li near model, and 

belween 4.09x I 0.6 and 2. 76x I O", -1.30x 1 O·' and 1.50x 1 0.3
, 

and 1.84x I 0.3 anel 1.50x I O", for sigmoidal model, 

respecti ve ly. 

Tablc 1: Phys ical properties or'Longal' chestnuts used in the dry ing assays'. 

Temperature of a b c 
t he assay (0C) (cm) (cm) (cm) 

20 2.75+0.20 3.20+0.15 1.7 1+0.28 
40 2.72+0.20 3.23 +0. 19 1.86+0.27 

50 2.62+0. 17 3. 10+0. 16 1.69+0.22 
65 2.76+0.20 3.26+0.21 1.9 1 +0.27 
H5 2.67+0.21 3. 16+0. 18 1.74+0.24 

100 7.82+0. 17 3.29+0. 17 1.88+0.29 
+ Results me lhe dverages of the detcrmlnatlOll s...:.... Stcl ndard devi3tlon. 
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Figure l: Drying data of ' Longa l' chestnuts at 20, 40,50,65, 85 and 100°C. 
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Figure 2: Drying rates of 'Longal' chestnllts at 20, 40, 50, 65, 85 and 100' C. 

• tI.'l odd 

o o 

o • 
lU " 

Table 2 : Linear and s igmoidal models for the drying rates in function of moisture contento 

Model T("C) 1110l1eJ Pal"U11lel erS Corre/fIliou 
Coe{ficielll (r) 

Linear mo dei 20 A ~ -0.0005; B ~ 0.0032 0.924 

(8Wi 40 A - -0.002; B - 0.01 83 O.90X 
- \& J = A +B x W 50 A - -0.0011: B - 0.0277 0.952 

65 A ~ -0.0004; 8 ~ 0.058 0.906 
85 A - -0.0 114; 8 - 0.1266 0.956 
100 A - 0.0089; B - 0.1447 0.902 

Sigmoidal model (Eg. 8) 20 Not adequate --

(8W ) A 
40 Not adequate --
50 y- -O.OOI ; A - 0.023: 13 - 0.158; C - OA02 0.957 - & = y+ [ C-IV ) 65 Y ~ 0.006; A - 0.03 7; 8 - 0.059; C - 04 00 0.930 

I + e H ) 85 y - -32.935 ; A - 33.963 ; 8 7.167; C - -24.724 0.967 
100 Y - 0.034; A - 0.086; 8 - 0.059; C - OA27 0.927 

88 

I·' 



Evaluatioll of the effect of drying on chestnuts 

dimen sions 

Drying at 40, 50. 65, 85 and 100"C did not cause signifi cant 

changes in chestnuts dimensions, indieating thar the effect 

of shr inkage may be neglected. ln fac t, lhe average 

geometric diamcters of the chestnuts \Ve re ident icaJ at tbe 

beginning and at the end of a I! assays (Table 3). Even ar 
high tcmperaturcs no significant reduction on ches tnuts size 

was deteeled. Moreover, the fru it wilhout outer shell a fter 

dry ing corresponded always to 76.5 - 80 .2% o f lhe frui l 

wirh olltcr shell, no differences being detected among 

drying expcrimcnts at different temperatures. 

Evaluation of the adequac)' of Fick's second law to the 

drying process 

Assuming that chestnuts may be approximated to sphcres, 

and considcring that lhe dry ing rate depeneis solely OIl the 

moisture movement by diffusion witl1 in the chestnut, the 

process might bc represented by lhe fo llowing Fick's 

second law equation fo r non-s leady state: 

aW. = D (a ' w+~xaw ) ( 14) 
aI "P ar' r ar 

where D ilI' is lhe apparenl di t'fusivity, r is the radius and t is 

time. Assuming uniform initial tlloisture content (Wo) and 

that the internal mílSS transfer resiSlance is controlling oveI' 

external resistancc, the analyti cal solution of Eq. 14 is the 

fo llowing: 

w- w ,. 
( IS) 

w -w o , 

where W
L

• is the equili br ium dry-basis moisture contenl. 

Considering tl1at only lhe first term is significant and W" 

may be estimated by Eq. 4 for t--+", (W,. = y) , taking the 

natura l logarithm Df each side of Eq. IS, the fo llowing 

linear equat ion will be obtained: 

(1 6) 
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Fitti ng lhe da la by Eq. 16, linear corre lations \Vere obtained 

(Figure 3), wi th coefficient corre lat ions ranging between 

0.947 and 1.000. These resulls indicale Ihat the assumpl ions 

assull1cd seem to be adequale. 

Estimation of the apparent diffusivitics of ' Longal' 

chestnut variety 

Taking into accoullt Eq. 16, lhe apparenl diffusivities of 

Longal chestnu t may be determined by the following 

equation: 

s/opex R' 
Ir ' 

( 17) 

Considering the slope for each temperature (Figure 3) and 

the average radi us 01' lhe chestnuts, based e ither on DI! or 

Da, lIsed in each assay, lhe apparenl diffusivitics obtained 

for ' Longal' cheSlnut are in Table 4. 

Table 4: Apparent diffusivi ties of water in 'Longa l' 

chestnut. 

Temperature D a p 

("C) (m'/s) 
20 1.25x10·' 
40 6.53x I O'" 
50 1.08x I O~ '" 

65 2.89x I (r'" 
85 5.24x I0·'" 
100 8.42xI0·' " 

W hen comparing thesc va lues with lhe ones repol1ed by 

Gui né anel Fernandes (2006) for the same chestllut va ricty 

dri ed at 70-90'C (4.45xHr" to 6.87x Hr' m' /8), lhe prescnt 

results are one order of magni tude lower. T his might be 

related to the \Vo rse quality o f lhe chestnuls uscd in the 

assays, as the year 2009 was not adequate for a good qua li ty 

of the nuts. So, in the future it woul d be interest ing to study 

the ro le of the harvest year on the drying charactc ri stics of 

chestnuts. Howevcr, lhe results determincd at 20-401JC 

(1.25xIO· 1I to 6.53x IO· 1I Ill~/s) are in accordance to the one 

determineel for lhe New Zealand chestnut vari ety "" 10 15" at 

30'C (Cletus and Curson 2008), numely 5.l x IO·" m'/s. 



Table 3: A verage geometric diameters of chestnuts detennined before and aftel" the drying assays. 
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Figure 3: In((W-WJ/(W,,-WJJ versus lime for the drying assays at 20, 40, 50,65,85 anel 100°C. 

90 

l 



CONCLUS IONS 

Thcre was homogenei ty al11Qng the chcstnuts used in the 

dryi ng experiments. An exponc ntial empirical model fittcd 

we ll the experimental drying data for severa I temperatures 

between 20 0 e and iOO°C. Linear and sigmoid fun ctions 

al50 fiU cd well lhe drying experimental rates. 

Approximating chestnurs (sphericity being highcr than 

77% ) to spheres, the apparcnt diffusivity predicted by 

Fick's sccond law was bctwecn 1.25x I 0.11 m2/s. ar 20°C, to 
8.42x 10'11> 01' /5, at 100"C 
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